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© Color display apparatus. 

© By storing the color information of characters to 
be displayed in three planes (4R, 4C, 4B) in a 
character generator 15 this information can be used 
in a display controllor (21) in such a way that high- 
quality characters are displayed. 
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COLOR DISPLAY APPARATUS 



This invention relates to color disolav ap- 
paratuses with disp,ay pane,s, for exarnpie of Z 
Hqu,d crystal type, and more particularly* a 
display apparatus which is capable of dispiaWno 
patterns such as characters, of a good qualSy 2 
a limited number of pixels. 

withlhff ^ ,aV Pa " e ' cons fr««ed, for example 
wrth the liquid crystal has color dots of the three 
primary colors (R. G and B, formed mereont a 
predetermined order, wherein a color pixeHs 

d? te Te n str , by th ~ adjacent 

dots respectively corresponding to the three nl 

pixels on the same panel is fi*«H ;« ^ 
Jh. ruie determined" 

of the panel. With this kind of color d ™ * nd 

numbeTofpTxef,' 8 * °' 8 P-^ermined 

In recent years, color display oaneis m «^ 

dots (i. e ., of the order of 240 x ?*n ,1 . 
Sclav . 2?, 6 ° rder * is sti,, P°«ible to 

fte l^ a " *• Wat is to say 

tne number of color dots in the h«ri*™^i m- * 

must be restricted to about fTen ° ^ 
crystal color V^Z^X 



responding to one character. In the shown display 
panel 1. a number of color dots (720 color dots * 
this example) of the three primary colors are J- 
ranged in the order of a reri /m \~7 ! 
• 9reen (G) color dot ££TJ2 

<" a cyclic fashion in the horizontal di recZ L * 

p.eTof r th O : C0,0r d ° tS (24 ° COto ' *^ eTam! 
Srirtil same color are formed in the verS 

» dots o, Ye T* " ** m- * h " hich *• ^° 
22.. 66 Primary «*» are distributed 

entirely and uniformly on the pane, is formed 
each horizontal line, each 00^13 ^ 
by a respecftve one of the combinations of Tee 
adjacent color dots, namely, a red (R) cotor dm? 

2 a b 9 T h (G) cotor dot 29 — a 

2b which are arranged in this order VomTft £ 

a co,or pixe ' for 0° 

ttto ™ • Sd ° n lhe panel as a whole WlS, 

» S exTmoteT aPParatUS " ° ne *«2S 

Ta 5 T T a , Character A in *9- 5) is displayed 
a 5 x 9 CQ|or p(xe| k ya 

d-splay apparatus has a memory 4 in SS 

ST^rKr* pattems 

015x9 bit patterns as shown in Fig. 6 fonlv th*» hit 

ST "T CharaCter " A " is s'ol inCe * 
™ose color dots 3 corresponding to bits "i- S'tS 
bit pattern (Le, the color dots indicated by hatcn,^ 
« 5) are activated to display me charL t 2 9 
30 ch,i , above - descrih ed conventional liquid "crv- 
3 o sta coior display apparatus is disadvantageous^ 

L a ow S, s^ t the nUmb9r ° f PiW,S p " oach charge? 
sia^T 9mentS ° f 3 disp,a y ed onaracter aTe 

z::™^7*: a r r se9ments ° f » : 

as 5) it h» th,« k shoulders portions in Rg. 

According to the present invention there is 
SFZl!*' diSP ' ay aPParatus oompSng a 

S s of^h^ 9 ' 0n WHiCh 3 p,uraHt y of cSlor 
aots of the three primary colors are • 

presentative of characters, and a dismav mn^i 
section for activating the co.or l£TlfZ£ 

[JIL T the memory to Wa^by display char- 
witn at least three storage areas corresnonriin« 

corresponding to dot-matnx pattems representative 
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respectively of all kinds of characters to be dis- 
played being stored, the display control section 
activating the color dots of the three primary colors 
on the color display panel based respectively on 
three bit-information groups which are read respec- 
tively from said three storage areas and corre- 
spond to a character to be displayed, whereby the 
last-mentioned character is displayed on the color 
display panel. 

With the above structure, in the case where the 
color dots of the three primary colors are arranged 
m each horizontal line in a certain order in a cyclic 
fashion, one color pixel can be formed not only by 
the combination of color dots of the three primary 
colors arranged in a specific order as in the con- 
ventional apparatus but also by those combinations 
of color dots of the three primary colors which are 
arranged in other orders (the combinations of color 
dots in the order of red, green and blue and the 
combination of color dots in the order of green 
blue and red when the color dots are arranged in 
the order of red, green and blue in a cyclic fash- 
ion). Therefore horizontal positions of the respec- 
tive color pixels which form a character to be 
displayed can be selected three times more finely 
than in the conventional apparatus. As a result, 
patterns such as characters of a better quality can 
be displayed with the same number of color dots. 

An embodiment of the invention will now be 
described with reference to the accompanying 
drawings. 

Fig. 1 is a diagrammatic illustration showing the 
structure of a memory in one embodiment of a 
color display apparatus according to the inven- 
tion, wherein bit information representative of a 
character "A n stored in the memory is shown; 
Fig. 2 is an enlarged plan view of a part of a 
liquid crystal color display panel in the embodi- 
ment of the invention wherein the character "A" 
is displayed; 

Fig. 3 is a block diagram of the embodiment of 
the invention which is applied to a teletext ap- 
paratus; 

Fig. 4 is a time chart of the various signals in 
the embodiment of Fig. 3; 
Fig. 5 is an enlarged plan view of a part of a 
liquid crystal color display panel in the conven- 
tional color display apparatus wherein the char- 
acter "A" is displayed; and 
Fig. 6 is a diagrammatic illustration showing the 
structure of a memory in the conventional color 
display apparatus, wherein bit information repre- 
sentative, of the character "A" stored in the 
memory is shown. 

A color display apparatus according to the em- 
bodiment of the invention employs a liquid crystal 
color display panel 1 of the same structure as that 
shown in Fig. 5. A memory 4 of this display ap- 



paratus comprises, as shown in Fig. t, a memory 
plane (or a storage area) 4R corresponding to the 
red (R) color dots 2r. 2r, 2r.... of the display panel 
1. a memory plane 4G corresponding to the green 
5 (G) color dots 2g. 2g. 2g,... and a memory plane 
4B corresponding to the blue (B) color dots 2b, 2b. 
2b,... In this case, one bit-pattern of 5 x 9 is stored 
in each of the planes 4R, 4G and 4B for each 
character (in Rg. 1. only the three bit-patterns for 
io the character "A" are shown). This enables the 5 x 
9 dot-matrix for red. the 5 x 9 dot-matrix for green 
and the 5 x 9 dot-matrix for blue in the display area 
of 5 x 9 color pixels for one character to be driven 
independently of one another with respect to each 
is character. The bit-patterns in the respective planes 
are determined, for example, in the following man- 
ner. In this embodiment, a color pixel 3 on the 
display panel 1 is formed not only by the combina- 
tion of three color dots arranged in the order of red 
20 green and blue from left to right but also by the 
combination of color dots arranged in the order of 
green, blue and red from left to right and the 
combination of color dots arranged in the order of 
blue, red and green from left to right. For example 
25 the color pixel 3-1, located at the top of the char- 
acter "A" in Rg. 2 is driven by the third bits "1 - 
from the left in the top lines of the respective bit 
patterns in the three planes 4R. 4G and 4B in Rg. 
1. The pixel 3- 2 adjoining the pixel 3-i at its lower 
30 left comer is driven by the third bit "1 " from the 
left in the second line from the top of the bit 
pattern in the plane 4R, the second bit "1" from 
the left in the second line from the top of the bit 
pattern in the plane 4G and the second bit W 1 W 
35 from the left in the second line from the top of the 
bit pattern in the plane 4B. In a similar manner, the 
pixel 3-3 adjoining the pixel 3-, at its lower right 
corner is driven by the fourth bit "1 w from the left 
m the second line from the top of the bit pattern in 
40 the plane 4R, the fourth bit "1 ■ from the left in the 
second line from the top of the bit pattern in the 
plane 4G and the third bit "1" from the left in the 
second line from the top of the bit pattern in the 
plane 4B. Thus, the color pixel 3-i is formed by 
45 the color dots arranged in the order of red, green 
and blue, the color pixel 3- 2 by the color dots 
arranged in the order of green, blue and red, and 
the color pixel 3- 3 by the color dots arranged in 
the order of blue, red and green. 
50 In this manner, the shift amount in the horizon- 

tal direction between two adjacent color pixels in 
the slant segments of the character "A n can be 
reduced to one color dot In comparison to this, the 
shift in the horizontal direction between two adja- 
55 cent color pixels in the slant segments has amount- 
ed to three color dots in the conventional apparatus 
shown in Rg. 5. Thus, with this embodiment each 
slant segment of a character can be displayed in 
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fte smoothed or even shape, whereby the quality 
of the delayed character is enhanced. In oth* 
words according to this embodiment it is possible 

mat which is obtained when a character is dis 
played in a dot-matrix of 13x9. 

ment^ '^J^ f^ 3 ™ ° f the above embodi- 
m!mn ^ P ' aneS 4R - 4(3 and 4B and the 

iin.. H 6 CO,0r disp,a y P 3 " 6 ' 1 is an active 

Jquid-crystal color display panel with TFTs whose 
color dots are arranged as shown in Fig. 5 o I 

s. &r ihas 720x720 " - 

-formation and is fed from a television rad£w a ° 
s^r"!?^ 0 " (not Shown >- ^ **eo signal 

^u ZT*?* 9 ' inf ° rmatfon nation ci! 
S T formation separated by the 

SS \l ,S h SU h PP " ed 10 3 Central Processing unit 

su^r ^^^^ V a 

9 b Sns 3 for IFS™ " 
SpT 12 ooTrl^^ 8, d3ta 30(1 106 ,ike - The 

22 T 11 lnd SUpp,ies «*• «* the do- 
nated characters to a character generator™ 
trough the bus 13. The character geneSor 15 

shZTp-^r 6 '" 0 ^ 4 - 0f ^ch'structre is 
na^J 9 - reads out P*s three W? 

patterns respectively from the three planes 4R 4G 
and 4B ,n response to a supplied character code 

*™^r ems ** *° n — - a & 

When bit-patterns of characters for one entire 

T^T in *» VRAM 16 "he^CPU 

parallel fashion ,n accordance with the order of 

bit^via a* 8 ^ 3nd Supp " es ^ -ad 
b t data v.a a bus 20 to a disptay controller 21 The 

zszfss"?.. compnses *i 

Ses 4R 4G an/Jp' "*** *"» 
riatTL 6 30(3 4B ' respectively, and the bit 

a e loaded onto the color registers 21 R. 21Q and 

necked 6 TZ*\ ^ *^ Contro »" * u f con- 
nected to the color display panel 1 via a contra. 

aToriz^f ' ,0 ^ SUPP ^~, sign^™ 

24R 2^ anT^ "* Cotar Sianal 

outou^ of Z J ° r SUPP ' yin9 respective shift 
outpute of the color registers 21 R. 21Q and 21B 

bah ™S. 4 ,S a firne chart showing the relation 
between vanous output signals of the display con- 



ouflf A ! ShOWn - the display controller 21 se- 

rasters 21R. 21G and 21B onto a horizontal fine 
determined with reference to the horizontal £ 

222 K° n 819031 H ' With ^rizonta. positSnT 
hereof being synchronized with the clock sign* 
CLK. Thus, color dots on the display panel 1 are 
dnven ,n accordance with these outputs wherein * 
combination of three adjacent coSr dotec? he 
Z Pr, , marV C0 ' OrS "* drive " as a pixel, so that 

2 0 T ,S I rec °9" i2ed as a Pixel having a coto 
almost equal to white. 

According to this color display apparatus it is 

displayed character has no neighboring 
which ,s immediately adjacent to the first-meS 
£2* 00 ° r PiXe ' in *• vertjc *» direction SuTh a 

so ; a r m e S m ab,e t0 te r8C09nlzed by huma " eve 
denlni^ ^ Pnmary co,ors «r.ereof are in- 
dependent and not properly mixed together £ 
cordmg to this invention, however, it is possible to 
» anrange every color pixel in a slant segmem of a 
character so as to have a neighbouring 9 ^ pixe' 

cSS oixe, ?n Ctly -, adjaCent t0 *• firsl-men o P ed 
color pixel. This w,ll solve the above problem 

oo refeZ 0 to' *°" is 

reremng to the case where a color Dixel i« mn 

stituted by three color dots of me t£ee i^T 
colors arranged in the horil^ 5S£T2 
tWs^L' nVe ? 0n Sh ° U,d not ^cted only to 
35 can a^ 'ir* " ?" 56 3pP3rent *- this invention 
as can also be applicable to such cases where color 

Panel in the above embodiment is of the liouid 
crystal type, a color display panel of n»Z t 
«> such as the EC type ^ ^L 'TiXi 
invention. The invention can also be used in a 
convent.ona, CRT. in which the information from 
the different memory parts is used to eneroize 
^ Phosphor dots of neighbouring pixels. 9 
Claims 
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A color display apparatus comprising a color 
display pane, on which a plurality of cW dots 
of the three primary colors are formed in a 

° rder ' 3 memory ,or ^ng brt 
nformation corresponding to dot-matrix pat- 
terns representative of characters, and a dis- 
play control section for activating the color 

^ 2 HIT' d ' SP,ay P3ne » in acc °rdance 
to^L h T m3ti ° n re3d hom memory 
to thereby display characters characterized in 
mat the memory is provided with at least three 
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storage areas corresponding respectively to 
the color-dot groups of the three primary col- 
ors, in each storage area bit information cor- 
responding to dot-matrix patterns representa- 
tive respectively of all kinds of characters to be 
displayed being stored, the display control 
section activating the color dots of the three 
primary colors on the color display panel 
based respectively on three bit-information 
groups which are read respectively from said 
three storage areas and correspond to a char- 
acter to be displayed, whereby the last-men- 
tioned character is displayed on the color dis- 
play panel. 

A color display apparatus according to Claim 
1. characterized in that the display panel com- 
prises a liquid crystal device. 
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